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An investigation of a twin-engine fighter-type airplane model has 
been conducted in  the Langley 16-foot transonic tunnel t o  determine the 
e f fec t  on drag of a fuselage volume addition incorporating streamline 
contouring and more extensive boattail ing of the engine shrouds. The 
ef fec t  of hot exhausts from the turbojet  engines was  simulated with hydro- 
gen peroxide gas generators using scaled nonafterburning engine nozzles. 
Afterbcdy pressure distributions,  base drag coefficients,  and forces on 
the fuselage-tai l  configurations a r e  presented a t  Mach numbers from 0.80 
t o  1.05 at angles of attack of (io arii 4' for  j e t  pressure r a t i o s  from 1 
t o  7. 

The e f fec t  of j e t  operation on both the basic and modified models 
w a s  generally t o  decrease base pressures but t o  increase most other 
afterbcdy pressures and, therefore, t o  r e su l t  in an overal l  decrease i n  
fuselage-tai l  component drag. The  addition of volume t o  the basic model 
reduced the base drag coefficient by 0.0010 with the j e t s  off and 0.0018 
a t  a typ ica l  cruise operating condition of a j e t  pressure r a t i o  of 3, a 
Ikch number of 0.85, and an angle of at tack of 4O. The overal l  jet-off 
reduction i n  fuselage-tail  component drag due t o  the volume addition was- 
a maximum of 0.0040 a t  a Mach number of 0 . 9  fo r  an angle of a t tack  of 4'. 

INTRODUCTION 

I n  a National Advisory Committee f o r  Aeronautics study t o  evaluate 
the effects  of jet  exhaust on airplane aerodynamics, loading, and sta- 
b i l i t y ,  some of the more complex configurations which have the fuselage 
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and t a i l  surfaces extending behind the j e t  e x i t  have recently been 
examined ( r e f s .  1, 2, and 3) . The special  case of the airplane with an 
overhanging afterbody and twin j e t  engines has a l so  received some atten- 
t i on  ( re fs .  4 and 5 ) .  
operating in the nonafterburning condition with the e x i t  nozzles i n  the 
closed position could r e su l t  in a high base drag which would penalize 
the  range of the airplane. 
on a model of a twin-engine fighter-type airplane with a fuselage over- 
hang, an investigation was conducted through the cruise Mach number range 
i n  the Langley 16-foot transonic tunnel by using the hydrogen peroxide 
j e t  s h u l a t o r  technique described i n  reference 6. 

c' 

The large base area associated with two engines 

In  order t o  evaluate the overal l  j e t  e f fec ts  

In addition t o  evaluating the j e t  e f fec ts ,  an e f fo r t  was made t o  
obtain drag reductions, as well as more favorable j e t  e f fec ts ,  by 
improving the overall  area d is t r ibu t ion  and the loca l  fuselage geometry 
i n  the region of the wing and boattailed engine shrouds. 
therefore, modified by the addition of volume t o  the fuselage i n  the 
region between the maximum t o t a l  cross-sectional-area s ta t ion  and the 
engine exi t  s ta t ion.  

The model was, 

I n  the present investigation resu l t s  were obtained for  the or ig ina l  
and modified configurations with nonafterburning engine nozzles. Tests 
were conducted at angles of a t tack of 0' and 4' and a t  free-stream Mach 
numbers from 0.80 t o  1.05. 
were established with a j e t  temperature of approximately 1,360~ F. Pres- 
s m e  measurements and forces on the fuselage-tai l  combination were 
obtained with the j e t s  operating and not operating. The average Reynolds 

6 number, based on wing mean aerodynamic chord, was 5.0 x 10 for  the 
investigation. 

J e t  pressure r a t i o s  from no j e t  flow t o  7 

SYMBOLS 

A mea  

*b base mea, A, - A j  ( f i g .  3 ) ,  s q  f t  

CD fuselage-tai l  drag coefficient (base drag included), 

%,m+ cp,i@) - C p , b t  

Drag measured by balance 

G 
CD,m 



s 
‘D, b base drag coefficient, Cp,b(Ab/S) 

incremental drag coefficient due t o  j e t  operation 
i =D, j 

CL 

EL, j incremental l i f t  coefficient due t o  je t  operation 

m fuselage-tai l  pitching-moment coefficient,  - 
QS5 cm 

incremental pitching-moment coefficient due t o  je t  operation j 

p2 - pa3 

%I 

pressure coefficient,  CP 

incremental pressure coefficient due t o  je t  operation f%, j 
- 
C basic wlng-mean-aerodynamic chord, in. 

d diameter, in .  

E202 hydrogen peroxide 

L fuselage-tail  lift, lb 

MaJ free-stream Mach number 

m 

P s t a t i c  pressure, lb/sq f t  

p t  t o t a l  pressure, Ib/ sq ft 

fuselage-tail pitching moment about 0.2865, in-lb 

&D free-stream dynamic pressure, lb/sq f t  

S basic w i n g  =ea, sq f t  

X longitudinal distance from shroud ex i t ,  posit ive rearward, in. 

Y lateral distance from center l i n e  of m o d e l ,  posi t ive t o  r igh t ,  
looking forward, in. 
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Z v e r t i c a l  distance from j e t  horizontal  center line, posi t ive 
upward, i n .  

a angle of a t tack of fuselage reference l i n e  ( f ig .  2 ) ,  deg 

P b o a t t a i l  angle, deg 

B meridian angle a t  engine base ( f i g .  7 ( b ) ) ,  deg 

Subscripts : 

b base 

e shroud e x i t  

i in te rna l  

j j e t  

2 l oca l  

S sea l  

W f r ee  stream 

APPARATE AND METHODS 

Wind Tunnel and Support System 

The investigation w a s  conducted i n  the  Langley 16-foot transonic 
t m e l  which i s  a single-return atmospheric tunnel having a s l o t t e d  t e s t  
section and provision fo r  a i r  exchange. 

The support system, as shown in figures 1 and 2, consisted of a 
strut-mounted bifurcate s t i ng  which held the  model by the  wing t i p s  near 
the  center l i n e  of the tunnel. The forces and moments of the  fuselage- 
t a i l  combination were measured by an in te rna l  strain-gage balance sup- 
ported from the wing panels, which were an in t eg ra l  pa r t  of the support 
system. 
the  wing span w a s  reduced s l igh t ly  as shown i n  figure 2. 

In order t o  provide adequate strength in the support system, 

Models 

The basic configuration f o r  t h i s  investigation ( f i g s .  1 and 2) w a s  
a nodel o f  a swept-wing, fighter-type airplane having twin j e t  engines 
and an overhanging fuselage. Physical dimensions of the wing and t a i l  
surfaces a re  given i n  f igure 2. The model w a s  constructed en t i r e ly  of 



s t e e l  with the exception of p las t ic  overlays on portions of the wing 
surfaces and the nose-canopy section. 
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The wing-root inlets of the model were closed and fa i red  t o  s t r eam 
line contours, and the or iginal  wing plan form was maintained. The 
engine nacelles and the actjacent s ~ l ^ a c c : a  ~ i i  t k c  l e ~ e r  c-- nnrfinn --___ nf t.he 
overhanging fuselage were extended t o  correspond t o  the  in s t a l l a t ion  of 
a jet  engine with a long t a i l  pipe. 

The model contained two j e t  simulator units which were supported 
in te rna l ly  from the  wing panels and independently of the  fuselage-tai l  
assembly. These units, similar t o  those shown in figure 7(a) of r e f -  
erence 6, develop a hot exhaust which closely simulates the exhaust 
character is t ics  of a turbojet  engine. The nozzle discharge coefficient 
of these units was 0.95 for the  j e t  pressure r a t io s  presented and indi- 
cated typ ica l  sonic nozzle operation. (See r e f .  6.) 

A sponge material was inserted in the  clearance gap between the 
fuselage and the  wing panels t o  prevent air  f low through the model and 
t o  permit the fuselage-tai l  assembly t o  def lect  the balance under load. 
An additional s e a l  was ins ta l led  in the annulus between the  fuselage and 
each j e t  simulator a t  the location shown in figure 3 .  
high temperatures expected in t h i s  region during j e t  operation (=l,OOOo F), 
these seals were constructed of aluminum and f i b e r  glass  sheets. A rubber 
d lapbagn seal w a s  used during a number of tests with the j e t s  inoperative. 

Because of the  

For some of the tests the m o d e l  was modified as described i n  the  
following section by adding volume i n  the form of cast aluminum sections 
fa i red  in to  the or iginal  lZlselwe with a putty material. 
mately 1/8 inch between the added sections and the wing was f i l l e d  with 
a f lex ib le  p l a s t i c  t o  allow fo r  the deflection of the f'uselage on the 
wing support. 

A gap of approxi- 

Method of Modification 

Data f o r  the basic configuration showed that the model had low pres- 
sures a t  the  engine shroud bases and a r e l a t ive ly  high fuselage-tai l  drag 
i n  the subsonic cruise region. A study of t h i s  configuration indicated 
t h a t  substant ia l  drag reductions might be accomplished by making a l te ra -  
t ions  t o  the fuselage and engine shrouds by incorporating the following 
three drag-reduction principles:  

(1) Improvement of the overall area d is t r ibu t ion  i n  accordance with 
the transonic area rule .  

(2)  Uti l izat ion of more extensive loca l  boat ta i l ing on the  engine 
shrouds. 
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(3) Improvement of 
streamline contouring. 

the fuselage contours a t  the wing root by 

An inspection of the area diagram of the basic model ( f i g .  4) 
revealed a steep slope, conducive t o  drag, i n  the region ju s t  beyond m a x i -  
mum cross-sectional area, and a region of low slope, indicative of poor 
pressure recovery, along the engine shrouds. It w a s  reasoned that an 
area adjustment could be applied t o  the region between maximum cross- 
sectional area and the engine ex i t s  i n  order t o  obtain be t te r  pressure 
recovery over the engine shrouds and at the same time improve the overal l  
area dis t r ibut ion in order t o  obtain some advantages of the area ru le .  
It was pointed out i n  reference 7 tha t  transonic drag-rise reductions 
could be obtained by adding volume t o  the fuselage t o  improve the area 
progression. Reference 8 showed tha t  subsonic drag reductions and delays 
i n  drag-rise Mach number may also be obtained from volume additions t o  
the fuselage. The improved area progression for  the configuration with 
boa t ta i l  area contouring i s  shown i n  figure 4. 

The engine shrouds on the basic model consisted of a cyl indrical  
section and a boattailed section with a small amount of convergence. 
(See f ig .  3 . )  
afterbody and base pressure coefficients can be obtained with shapes 
having cmtinuous boattail ing over the afterbody length, provided cer ta in  
limits of the r a t i o  of base t o  maxirmun diameter are  not exceeded. I n  
addition, the references indicate tha t  the j e t  e f fec ts  should be more 
favorable. Therefore, in  revising the engine shroud l ines  the volume 
addition in t h i s  region was  contoured t o  provide continuous curvature 
over a greater length of the fuselage ahead of the j e t  ex i t s .  

The data of references 9 and 10 indicate that higher 

A t  the  wing-fuselage juncture the  area addition was dis t r ibuted 
along the fuselage in accordance with streamline contouring concepts 
( r e f s .  11 and 12) .  The method of reference 13 w a s  u t i l i zed  i n  laying 
out the wing-f'uselage juncture l ines  fo r  a l i f t  coefficient of 0.2 a t  
a Mach number of 0.82. 
step a t  the w i n g  t r a i l i n g  edge which was fa i red  out a t  the end of the 
shroud. 
provide smooth fair ings between sections, and de ta i l s  of the f ina l  shapes 
a re  given i n  figure 3 ( b ) .  
of the area addition resulted i n  an unintentional increase in maximum 
cross-sectional area ( f ig .  4) .  Photographs of the modified configuration 
a re  presented i n  figure 6. 

The resul t ing cross sections ( f i g .  5(a))  had a 

Some loca l  adjustments of the l ines  were necessary i n  order t o  

The f a i r ing  adjustments a t  the forward ends 

Tests 

Tests were conducted in the Langley 16-foot transonic tunnel a t  
angles of attack of Oo and 4' a t  Mach numbers of 0.80, 0.85, 0.90, 0.95, 
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1.00, and 1.05 with a corresponding Reynolds number var ia t ion from 
4.80 x lo6 t o  3.04 x lo6. 
the  je t  simulator units were operatedthrough a cycle of j e t  pressure 
r a t i o s  of 1, 3, 5, and 1, where a value of 1 has been assigned t o  the  
initial and final nonoperaiiug :et c c z = t i s ~ .  
bers (1.00 and 1.03) a jet pressure r a t i o  of 7 was included in the cycle. 
Separate tests were a lso  made through the Mach number range with the j e t s  
mt operating: and these data are  referred t o  as jet-off values. 

A t  each t e s t  Mach number and angle of attack, - 
At. +.he higher Mach num- 

Measurements 

The general arrangement of the pressure or i f ices  on the  b a s i c  and 
the modified models are shown in  figures 7 and 8, respectively. 
and I1 present, fo r  the two configurations, the coordinates of these 
o r i f i ce s  and the  distance of each from t he  ex i t  s t a t ion  in terms of the 
e x i t  diameter. Tubing from these or i f ices  w a s  routed through the wing 
panels and the  sting members. As hdica ted  in  tables  I and 11, cer tain 
of these tubes were connected t o  pressure transducers. The e l e c t r i c a l  
s igna ls  from these transducers were transmitted through car r ie r  amplifiers 
t o  recording oscillographs. This rapid-response instrumentation was used 
t o  obtain the data during the  operating cycle of the jet-simulator uni ts .  
The remainder of the  or i f ices  were connected t o  banks of manometer tubes 
which were photographically recorded a t  the t e s t  condition where the jet  
pressure r a t i o  w a s  1. 
and temperatures were a l so  obtained. 
operating, all pressure data were obtained by using manometer tubes. 

Tables I 

Fuselage internal  pressures and j e t  t o t a l  pressures 
For the t e s t s  with the jets not 

F’uelage-tail forces and moments were measured on an in te rna l  six- 
conponent strain-gage balance, and the model angle of a t tack was deter- 
mined with an internal pendulumtype strain-gage a t t i t ude  indicator 
( f i g .  2) .  

Accuracy 

Based on the accuracy of instruments, calibrations,  and readout pro- 
cedures, the data presented are believed t o  be accurate t o  within the  
following limits: 

M , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + o . 0 0 5  

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.1 

c p . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  m.02 



a 
............... . . 0.. 0 .  

0 .  0 .  0 .  . 0 . .  0 . 0  e . .  

0 .  0 .  0 . .  
. . . . . . . . . . . . . . . . . .  . 0 . .  

0.. ........ c&q)gp-fm: ....... NACA RM L5@04' 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  20.2 
P t  , j / p m  

c L . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0050 

C m . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.0010 

With the exception of the  base d r a g ,  these accuracies f o r  t he  force 
coeff ic ients  per ta in  only t o  the  data obtained from the  jet-off tests.  
Unfortunately, balance accuracies cannot be estimated f o r  the  jet-on 
t e s t s  because of variations in strain-gage outputs due t o  excessive t e m -  
perature changes inside the model which resul ted from the  operation of 
the  j e t  simulators. The values obtained are believed t o  be accurate 
enough, however, t o  afford a t  l e a s t  a qua l i ta t ive  indication of t h e  j e t  
e f fec ts  on the  fuselage-tai l  forces.  A l l  force coefficients a re  based 
on the area of the  basic wing. (See f i g .  2.) 

The e f f ec t  of support-system interference on the  data is  not pre- 
c i se ly  known but i s  believed t o  be small because of the  r e l a t ive ly  large 
distances existing between supporting members and the  surfaces of t he  
fuselage-tail  component. Shock-induced separation of the  flow over the  
fuselage by waves from the boom nose fairings, or impingement of these 
waves on the afterbody a f t e r  r e f l ec t ing  from the tunnel w a l l s ,  w a s  
investigated a t  supersonic speeds. The boom nose f a i r ings  were moved 
upstream by the addition of cy l indr ica l  extensions ahead of t he  w i n g  
t i p ,  and the resu l t ing  afterbody pressures were compared t o  those meas- 
ured with the basic support system. 
engine model reported i n  reference 14, t he  pressure differences were 
found t o  be negligible. Although the general l eve l  of t h e  pressure data 
may have been affected s l igh t ly  by the presence of the support system, 
any comparison of d i f fe ren t  model configurations or the jet-off and jet-  
on data of a given configuration should y ie ld  a reasonably accurate indi-  
cation of the  e f f ec t s  of the fuselage modification and the j e t  operation, 
respectively. I n  order t o  show the  s i ze  and location of t he  supporting 
elements r e l a t ive  t o  the  model, the cross-sectional area of the  support 
system is presented i n  f igure  4. 

As w a s  the  case with the single- 
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The r e su l t s  of the investigation a re  first presented as pressure 
mettsureueiits ~b%&zxil zt t h e  region ahead of the engine ex i t s ,  the  region 
of t he  engine base annulus, and the  region of t he  overhanging afterbody. 
The overa l l  effects of the  body modification and je t  operation are  sum- 
marized and presented as force measurements on the fuselage-tail  portion 
of the airplane model. 
speeds since the  cruising speeds f o r t h e  airplane are subsonic and since 
the range is  par t icular ly  dependent on the  drag at Mach numbers between 
0.80 and 0.90. 
the  base, o r  the afterbody represent reductions in drag fo r  the configura- 
t ions  because of the rearward sloping surfaces on the rear portions of 
the  airplane. 

Emphasis i s  pisced zlri the  results for subsonic 

Increases i n  pressure coefficient on the shroud boat ta i l ,  

Pressure measurements with the  jets off are presented in figures 9 
t o  11 f o r  the basic model and in figures 12 t o  14 fo r  the modified con- 
f igurat ion at  constant values of Mach number. The e f fec t  of j e t  opera- 
t i on  on the pressure dis t r ibut ions a t  Mach numbers of 0.80, 0.90, 1.00, 
and 1.05 i s  i l l u s t r a t ed  f o r  the  basic model i n  figures 15 and 16 and f o r  
the  modified model in figures 17 t o  19. Pressure dis t r ibut ions ahead of 
t he  shroud e x i t  obtained from manometer measurements are compared in 
figure 20 for  both models. Comparisons of the detai led loading f o r  t he  
two configurations are shown i n  figures 21 and 22 at the selected sub- 
sonic Mach numbers of 0.85 and 0.97 f o r  j e t  pressure ra t ios  of 1 and 3. 
The variations with Mach number of the base drag coefficients f o r  the  two 
configurations are ?resented in figure 23 fo r  the j e t s  off and f o r  a je t  
pressure r a t i o  of 3 .  
t i o n  obtained with the in te rna l  strain-gage balance are presented i n  
figures 24 and 25 fo r  the j e t s  of f .  
models are given in  figure 26. 
t he  drag, l i f t ,  and pitching-moment coefficients are i l l u s t r a t e d  in f ig-  
ures and 28. 

Force measurements on the fuselage-tai l  combina- 

Drag data fo r  similar complete 
The incremental e f fec ts  of the  jets on 

DISCUSS ION 

Pressure-Distribution Measurements 

M o d e l  comparisons with j e t s  off.- Measurements obtained on the 
engine shroud of the basic model ( f ig .  9) show an abrupt decrease i n  
pressure just behind the  faired step shown in figures 3 and 9. This 
disturbance and the re la t ive ly  short boattailed portion of the shrouds 
(fig. 3) Were thought t o  be responsible f o r  t he  low l eve l  of pressure 
coefficient i n  the region of the exi ts .  Since there is  a def in i te  
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tendency toward pressure recovery over the  rearmost portion of the shroud, 
application of the fai r ings with a greater extent of boat ta i l ing would be 
expected t o  produce bet ter  pressure recovery a t  the  rear  of the engine 
nacelles. 
numbers where, for  example, the data fo r  a Mach number of 0.80 generally 
show continuous pressure recovery along the fa i r ing .  
however, l oca l  accelerations occurred over regions of the fa i r ing  having 
a high degree of curvature. 

This expectation i s  confirmed i n  figure 12 a t  the  lower Mach 

A t  higher speeds, 

Base pressure measurements for  the  basic configuration presented i n  
f igure  10 show tha t  low pressures ex i s t  at  the base of the engine shrouds 
a t  subsonic speeds with the j e t s  off .  These low pressures would be 
expected t o  form an appreciable contribution t o  the airplane drag because 
of the large base areas associated with nonafterburning engine operation 
during cruise f l i g h t .  
base pressure coefficients showed a posi t ive increase. Some small periph- 
e r a l  variation of the loca l  base pressure is  apparent which i s  presumably 
caused by the proximity of the fuselage i n  the region from about 
t o  $$ = 120'. 
( f ig .  13) show an angle-of-attack var ia t ion similar t o  the basic model 
but less  circumferential variation. A comparison of figures 10 and 13 
indicates t ha t  an appreciable pressure increase was obtained a t  subsonic 
speeds a? a re su l t  of the fuselage modification. 
pressure can be at t r ibuted t o  the higher pressures obtained near the end 
of the boa t ta i l  area contouring. 

As the angle of a t tack was increased t o  bo, the  

!$ = Oo 
The base pressure data f o r  the modified configuration 

This increase i n  base 

The afterbody pressure dis t r ibut ions presented for the basic model 
i n  figure 11 show a region of generally negative pressures on the under- 
side o f t h e  body fo r  about one shroud diameter downstream of the j e t  a t  
a l l  Mach numbers. This i s  i n  contrast t o  the r e su l t s  of reference 1 for  
a single-engine configuration with a similar overhanging afterbody where 
the pressures were posit ive immediately behind the j e t  ex i t .  These d i f -  
ferences a re  believed t o  be caused by the more complicated fuselage geom- 
e t ry  i n  the region of the shroud ex i t s  and t o  the ventilated space around 
the shrouds of the present model. 
f i ed  model ( f ig .  14) a re  generally s l i gh t ly  higher than those of the basic 
model i n  t he  region d i rec t ly  behind the  shroud ex i t s ,  but beyond about 
three shroud diameters downstream the afterbody pressures were generally 
lower. (See f i g .  21( a)  .) 

The afterbody pressures for  the modi- 

Effect of twin-jet operation.- Only a meager amount of fast-response 
instrumentation was available for  measurement of pressures on the basic 
engine shroud; therefore, no j e t  e f fec ts  on the basic shroud are  presented. 
The effect  of j e t  operation on the pressure d is t r ibu t ion  over the boa t t a i l  
area contouring fair ings i s  shown in figure 17. J e t  pressure r a t io s  i n  
excess of 3 and 5 at subsonic and supersonic speeds, respectively, were 
r equ i r ed to  produce any appreciable e f f ec t  on the fa i r ing  pressures. I n  
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Base Drag Comparisons 

The variations of jet-off base drag with Mach number f o r  both the 
basic and modified models are compared in figure 23(a). Reductions i n  
base drag coefficient for  the  model with boa t t a i l  area contouring occurred 
a t  a l l  speeds up t o  a Mach number of 0.98. 
mately 0.0010 at an angle of attack of 4O. 
a maximum base drag reduction of 0.0015 occurred between Mach numbers of 

T E c  drzg dpcrease was approxi- 
A t  an angle of a t tack of 0" 

0.85 imd 0.30. 

The base drag comparisons of figure 23 show tha t  with the j e t  sim- 
ulators  operating a t  a j e t  pressure r a t io  of approximately 3, the  base 
drag was increased from jet-off values fo r  both configurations. However, 
a t  a Mach number of 0.85 and a n  angle of attack of bo, the  detrimental 
e f f ec t  on the base drag of the modified model i s  only half t ha t  of the 
basic model. The achievement of more favorable j e t  e f fec ts  on base drag 
by using continuous boattail ing ahead of the j e t  ex i t s  is consistent with 
the  r e su l t s  of references 9 and 10 f o r  simple bodies of revolution. A t  
a j e t  pressure r a t i o  of 3 and aa angle of at tack of 
base drag coefficient w a s  approximately 0.0018 lower for  t he  modified 
m o d e l  than the basic configuration up t o  a Mach number of 0.95, and 
smaller reductions occurred over the  remainder of the  Mach number range. 

( f ig .  23(b)),  the  

Incremental base drag coefficients due t o  j e t  operation are  shown 
i n  f igure 27 f o r  the Mach number range of in t e re s t  f o r  cruise f l i g h t  with 
t h i s  type of airplane. The incremental base drag coefficients fo r  both 
configurations increased up t o  a pressure r a t i o  of 3 ,  and t h i s  increase 
indicated tha t  the j e t s  were aspirating the bases in this pressure-ratio 
range. A fur ther  increase in pressure r a t i o  reduced the incremental drag 
coefficient t o  approximately the  values existing at  a j e t  pressure r a t i o  
of 1 as the interaction of the exhaust and external stream became pre- 
dominant. As indicated previously, j e t  e f fec ts  on base d r a g  were l e s s  
detrimental fo r  the modified model. 

I 

1 

c 

Fuselage-Tail Force Measurements 

The previously discussed changes i n  loading over the rear  portion 
of the model fuselage caused by the  boa t t a i l  area contouring might be 
expected t o  appear as a reduction in the external  drag of the  fuselage- 
t a i l  a t  subsonic speeds. 
the variation of fuselage-tail  drag coefficient obtained through the 
Mach number range with the j e t s  off .  
f i e d  model a re  substant ia l ly  lower than those for  the basic model at  
speeds up t o  a Mach number of 0.95. The reduction i n  drag coefficient 
achieved a t  a Mach number of 0.83 i s  about 0.0026 a t  both angles of 
attack, and the reduction varies from about 0.0017 a t  a Mach number of 
0.80 t o  0.0042 at  a Mach number of 0.91. The continuous decrease in  drag 

This overall ef fec t  is  shown i n  f igure 24 as 

The drag coefficients fo r  the  modi- 
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both cases the j e t  effects were favorable but appeared t o  be confined t o  
a smaller region ahead of the base as the free-stream Mach number was 
increased. 

The e f fec t  of j e t  operation on base pressures for  the  basic model 
i s  shown i n  figure 17. Somewhat greater circumferential variation i n  
pressures w a s  obtained on the points fo r  a j e t  pressure r a t i o  of 1 during 
the cycling t e s t s  than on corresponding points of the jet-off t e s t s  
( f ig .  lo). 
inserted i n  the annulus between the  fuselage and each j e t  simulator t o  
prevent air flow through the base annulus were be t te r  pressure seals  
than those seals  used i n  the  cycling t e s t s ;  therefore, the data  of f i g -  
ure 10 are  believed t o  be more representative of the ac tua l  conditions. 
A t  Mach numbers of 0.90 and above, increasing pressure r a t i o  f i r s t  causes 
a decrease i n  base pressures, and at  the  highest j e t  pressure r a t i o s  the 
j e t  causes the pressures t o  become more posit ive than the jet-off 
values. A t  j e t  pressure r a t io s  corresponding t o  cruise f l i g h t ,  how- 
ever (2.75, r e f .  6, engine A ) ,  the j e t s  would have a detrimental e f fec t  
on base pressures. The nature of the j e t  e f fec ts  on the base pressures 
of the modified configuration ( f i g .  18) are s i m i l a r  t o  those noted fo r  
the basic model; however, the detrimental j e t  e f fec t  a t  a pressure r a t i o  
of 3 was reduced considerably at  subsonic speeds. 

For the jet-off t e s t s  the rubber diaphragms which were 

The general e f fec t  of the j e t s  on the pressure d is t r ibu t ion  along 
the afterbody (which is shown fo r  a typ ica l  o r i f i ce  row i n  figs. 16 
and 19 for  the  basic and modified models, respectively) was t o  increase 
the pressures in  the region from the e x i t  t o  about two shroud diameters 
downstream. 
continued t o  the rear  of the overhang. 
downstream of the exi t ,  fewer or i f ices  were available for  the modified 
configuration; therefore, the wavy  pressure dis t r ibut ion present a t  
higher pressure r a t io s  with the or iginal  model is  not apparent on the 
modified configuration. This wavy dis t r ibut ion appears t o  be associated 
with the periodic s t ructure  of the j e t .  
butions for  the two configurations are  compared i n  figure 21(b) at  a j e t  
pressure r a t i o  of 3 .  
f o r  the modified model except at  the rearmost portion of the  overhang 
(@ = TOo). 
i l l u s t r a t ed  i n  figure 22 where the incremental pressure coefficients 
caused by the j e t  are  shown f o r  pressure r a t io s  of 3 and 5 .  
mental values were obtained by subtracting the pressure coefficients a t  
a j e t  pressure r a t i o  of 1 from the jet-on pressure coefficients.  
can be seen that the j e t  e f fec ts  are  usually more favorable fo r  the  modi- 
f ied configuration. 

A t  higher speeds t h i s  favorable pressure increase generally 
Beyond two shroud e x i t  diameters 

The afterbody pressure d i s t r i -  

Generally somewhat higher pressures are  observed 

The j e t  e f fec ts  on the afterbody pressures a re  more clear ly  

These incre- 

Again it 



between these Mach numbers is  probably caused by an increase in the 
effectiveness of the fa i r ing  in delaying the formation and reducing the 
s t rength of l oca l  supersonic flow regions i n  the v ic in i ty  of the wing 
root.  Above a Mach number of 0.95 the fuselage-tail  d rag  coefficient 
of the modified configuration i s  higher than tha t  of the basic model 
because the wing drag i s  not inciuaed izi L i l t -  IU~US-G-SEZ~I~Z. 

data  have indicated that, when the supersonic flow f i e l d  envelopes a 
large portion of the wing as w e l l  as the fuselage, a large past of the 
&q r & ~ c % i m  appears as a reduction in w i n g  pressure drag. Tests of 
the complete model, however, a re  required t o  show t h i s  f ac t .  b a g  re6uc- 
t ions at  supersonic speeds have been obtained i n  Wright Air Development 
Center 10-foot transonic tunnel t e s t s  of complete basic and modified 
models similar i n  configuration t o  those of the present investigation. 
The r e su l t s  (previously unpublished) are presented in figure 26 t o  pro- 
vide an approximate indication of the magnitude of the drag improvements 
which might be expected from the present modified configuration if  the 
wing ef fec ts  w e r e  included in the force measuements. 

Lk~&lished 

The r e su l t s  of measurements of the other balance cmponents a re  
The boa t t a i l  area contouring caused only s l i gh t  shown in figure 25. 

changes i n  l i f t  coefficient but produced a posit ive pitching-moment 
increment f o r  the fuselage-tail .  Compazisons of figures 9 and 12 sug- 
gest t h a t  t h i s  nose-up increment is  probably caused by the s l i gh t  d i f -  
ference in d is t r ibu t ion  of pressures on the top and bottom of the fairing. 

The incremental fuselage-tai l  drag resul t ing from j e t  operation i s  
presented in figure 27 f o r  both configurations and includes the  jet  
e f fec ts  on base drag. 
with increasing j e t  pressure ratio even thmgh the J e t  e f fec ts  on base 
d r a g  a re  generally detrimental. 

It may be seen that the -elage-tail drag decreases 

The incremental lift and pitching-moment coefficients caused by jet  
operation a re  shown i n  figure 28. 
down pitching moment appear t o  be caused by the loca l  increases i n  pres- 
sure coefficient along the bottom surface of the overhang with the j e t s  
operating. 

The s l igh t  increases i n  l i f t  and nose- 

Although the  fuselage-tail incremental drag, l i f t ,  and pitching- 
moment coefficients of figures 2'j' and 28 were subject t o  errors  of unknown 
magnitude introduced by balance heating as discussed previously, the vari- 
ation of the data  of these figures with j e t  pressure r a t i o  generally 
appears t o  be consistent with trends indicated by the pressure data. 
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SU@lARY OF RESULTS 

An investigation of the e f f ec t s  of b o a t t a i l  area contouring and 
simulated turbojet  exhaust on the loading and fuselage-tai l  component 
drag of a twin-engine fighter-type airplane model having an overhanging 
afterbody showed the following r e su l t s  pertaining t o  cruise  operating 
conditions: 

1. The low pressures i n  the v i c in i ty  of the engine e x i t s  contrib- 
uted appreciable drag t o  the basic configuration. 

2. The e f f ec t  of j e t  operation on both configurations generally w a s  
t o  reduce pressures on the  engine bases but t o  increase pressures on the  
engine boa t t a i l s  and on the  underside of the  fuselage overhang and, there- 
fore ,  t o  r e su l t  i n  an overa l l  decrease i n  fuse lage- ta i l  drag as the j e t  
pressure r a t i o  w a s  increased from 1 t o  5.  

3 .  A volume addition t o  the  fuselage, intended t o  improve the  l o c a l  
boat ta i l ing,  overa l l  area d is t r ibu t ion ,  and wing-root streamlining, 
reduced the  base drag coeff ic ient  by about 0.0010 with the  j e t s  not 
operating and approximately 0.0018 a t  a pressure r a t i o  of 3, a Mach num- 
ber of 0.85, and an angle of attack of 4’. 

4. The overa l l  jet-off reduction i n  fuselage-tai l  component drag 
due t o  the volume addition ranged from 0.0018 at  Mach number of 0.80 t o  
a m a x i m u m  of 0.0040 a t  a Mach number of 0.90 f o r  an angle of a t t ack  of 4’. 

. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field,  Va . ,  February 19, 1958. 
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( c )  Bottom view of j e t  exi ts .  

Figure 1.- Concluded. 
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VERT1 CAL W I N G ,  BkSIC HORIZONTAL 
ITEM (SHOWN BY DASHED LINES] TAIL TAIL 

1.97 0.94 
1.17 1.182 

3.30 
2::3 Area, sq ft 

span, ft 
Aspect ratio 
Mean aerodynamic chord, ft 1.28 0.62 
Taper ratio 0.28 0.46 

Sweepback of leading edge, deg 41.12 39-80 52.00 

65A007 
NACA ‘ ~ 5 A 0 0 7 ~  g;%i 65A007 Root airfoil section 

4.28 
1.46‘ 

Incidence angle, deg 1.00 0.00 
Dihedral angle, deg 0.00 10.00 

Sweepback of trailing edge, deg 19 .h2 20.93 16.60 

Tip airfoil section NACA 65~006’  
.L 

............ ..... 
: : .: : .: : : *:cw-b6& .: : : - . - _ _  . . . . . . . . . . . . . . . .  ........................ 

100.52 . NACA RM L58c04 

Basic wing 

Six-componen 
Angle-of-attack 

e t-s imulator 

Fu s e 1 age 
station 79.00 

Figure 2.- Sketch of basic model and geometric details. All dimensions 
are in inches unless otherwise noted. 
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( b )  Longitudinal sections of basic model and model with boa t t a i l  area 
contouring. 

Figure 5.- Concluded. 
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Shroud exit 
station 79.00 

(a) Left  s ide  and bottom views. 

Figure 7.-  General arrangement of external o r i f i ce s  on basic model. See 
table  I f o r  o r i f i ce  coordinates. Open symbols are o r i f i ce s  which a re  
hidden from view. 
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a Base annulus o r i f i c e s  

e 
Jet  simulstor 

+Z 

Hodel 
s t.=tl on 

100.45 

I t 

Note: The base tubes are not  located a t  
the shroud e x i t  s ta t ion  but are 
a t  77.90. 

e 
Fuselage 

(b) R e a r  v i e w  of l e f t  side. 

Figure 7.- Concluded. 
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Shroud e x i t  
station 79.00 

Figure 8.- General arrangement of external o r i f i ce s  on modified model. 
Left s ide and bottom views. 
Open symbols a re  o r i f i c e s  which a re  hidden from v i e w .  

See table  I1 for  o r i f i c e  coordinates. 
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Base angular position, $, deg 

Figure 10.- Angular variation of base pressure coefficient for basic 
model. Jets off. 
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(a) a =  0'. 

Figure ll.- Pressure distributions along afterbody of basic model. Jets 
off. 
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Distance f r o m  shroud e x i t ,  x/de 

(b) a = 4'. 

Figure 11.- Concluded. 
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(a) a =  0'. 

Figure 14.- Pressure distributions along afterbody of model with boat- 
tail area contouring. Jets off. 
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Figure 14.- Concluded. 
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Figure 15.- Effect of j e t  pressure r a t i o  on base pressure coefficient 
var ia t ion around shroud annulus of basic model. 
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contouring. 
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Figure 20.- Comparison of pressure dist r ibut ions along b o a t t a i l  asea 
contouring fa i r ings  and on basic engine shroud. = 0.85; a = 4'; 
(Pt,j/P,) = 2.7. 
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Figure 21. - Comparison of afterbody pressure dis t r ibut ions f o r  basic 
m o d e l  and model modified with b o a t t a i l  area contouring. a = Oo. 
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Figure 25.- Variation of fuselage-tail  l i f t  coefficient and pitching- 
moment coefficient with Mach number for basic model and model with 
boa t t a i l  area contouring. J e t s  off .  
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